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P71 ABSTRACT 

A method of propelling a projectile from a dkice by 
applying a high power pulse of electrical current to a’ 
thin metal conductor wire causing the wire to explode 
and disperse hot spots of molten metal throughout an 
aluminum fuel powder/water mixture which reacts to 
generate hydrogen gas at high pressure in a chamber. 
The hydrogen gas is used to push the projectile from 
the device. 

23 Claims, 2 Drawing Sheets 
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LAUNCHING PROJECTILES WITH HYDROGEN 
GAS GENERATED FROM ALUbIINUM FUEL 

POWDER/WATER REACIIQNS 
5 

BACKGROUND OF THE INVENTION 
This invention relates to methods of generating gases 

and more particularly to methods of generating hydro- 
gen gas, 

. . 2 
element has exploded, the eIectrica1 current is contin- 
ued in order to drive the reaction between the metal and 
water. After a preselected hydrogen pressure is 
achieved, the hydrogen gas is used to propel a projectile 
from a barrel. . 

The Lee et al. method described above has sume 

P 1 

Acceleration of projectiles launched from gun, lo 
rocket, and missile systems is limited by the sonic veloc- 
ity of gas products from propellants. COnventional gun 
propellants (nitrocellulose) generate heavy gases like 
carbon dioxide, carbon monoxide, nitrogen oxide, and 
water vapor whose sonic velocity seldom exceeds 500 l5 
m/set at ambient temperature. The maximum speed of 
projeceiles launched from gun barrel by such gases 
barely reaches 1 km/set, 

Hydrogen gas which outspeeds any other gases 
(under same pressure and temperature), owing to its 
low molecular weight, is an ideal fluid to impart its 
kinetic energy efficiently to a projectile. For this reason 
hydrogen gas is used in a two-stage gas gun (1) that 
launches a projectile to hypervelocity (over 6 km/set). 
This type of gun is operated by a two step process, In 
the first stage, gun powder charge is ignited to drive a 
piston against hydrogen gas stored in a gas reservoir. In 
the next stage, the rise of hydrogen gas pressure due to 
the compression eventually actuates a valve mechanism 
at the base of the launch barrel and pressurized hydro- 
gen is released to push a projectk &sides this multi- 
staged pressurization, the whole operation of the device 
aIso includes storing of the gas nearby and mechanisms 
for its transfer to the reservoir. Although the staged gas 
gun routinely increases the projectile velocity up to 7 
km/set, the complexity of the operation makes it cum- 
bersome and impractical for routine uses. 

Hydrogen gas can be generated chemically in such 
reactions as decomposition of metal hydrides or oxida- 
tion of metal like aluminum by water. When metal hy- 
dride is mixed with a certain metal oxide, the decompo- 
sition of the hydride is gieatly accelerated and the uver- 
all reaction accompanies a net energy gain. v.yever, 
the amount of heat and gas generated per unit bass or 
volume of the reactants in the decomposition is not 
clearly advantageous over conventional propelIants. 
Energetically, the reaction of aluminum with water is 
mure favorable than combustion of the propellants. 
However, due to the formulation of passive oxide film 
on the metal surface, the oxidation ration is never 
sustained unless the temperature of the metal is raised 
above the melting point of its oxide. Therefore, such 
metallic systems need to be activated energetically in 
order to generate hydrogen gas which is clearly more 
energetic than the gases from the conventional propel- 
lants, or to complete the hydrogen generating reaction, 

Woodrow W. Lee and Richard D. Ford in U.S. Pa- 
tent Application Ser. No. 071199,879 filed on May 27, 
1988 and titled, “Method for Launching Projectiles 
with Hydrogen Gas,” disclose a method in which a high 
power pulse of electrical current is applied to a metal 
fuel element made of aluminum, an aluminum-lithium 
alloy, or an aluminummagnesium alloy in the form of a 
wire or a foil causing the metaf fuel element to explode 
dispersing a mixture of vaporized and molten metal into 
water surrounding the metal fuel element. The dis- 
persed fine metal particles react with the water generat- 
ing hydrogen gas aI high pressure. After the metal fuel 
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drawbacks+ First, energization (melting, vaporization 
and dispersion) of aluminum wire for its reaction with 
the surrounding water solely depends on electrical en- 
ergy. Thus, it is a energy demanding process--about 10 
KJ of electrical energy for I gm of aluminum. Second, . 
the volume of water used in the above case is in far 
excess the stoichiometric amount in order 70 contain 
and to have surface contact with the exploded metat. 
This results in vaporization of the excess water that 
mixes with the hydrogen product gas to increase its 
weight. 

SUMMARY OF THE INVENTION 
Accordingly, an object of this invention is to provide 

a method of generating hydrogen gas with higher en- 
ergy efficiency. 

Another object of this invention is to provide a 
method of rapidly generating hydrogen gas at high 
pressure and temperature with fewer high molecular 
weight byproducts than existing methods.. 

A further object of this invention is to provide a 
method of keeping the aluminum fuel powder uni- 
formIy distributed throughout the water oxidizer in the 
fuel/oxidizer mixture. 

Yet another object of this invention is to provide a 
method of launching projectiles at very high velocities. 

A still further object of this invention is to provide a 
simple method of launching projectiles at high veloci- 
ties with hydrogen gas. 

These and other objects of this invention are accom- 
plished by providing 

a method of propelling a projectile from a d&ice by 
(I) applying a high power pulse of electrical current . 

to a thin metal wire conductor which passes 
through a mixture of 
(a) an aluminum fuel powder i:hich is 

(i) aluminum powder, 
(ii) an aluminum-lithium aIloy powder, or 
(iii) an aluminum-magnesium alloy powder and 

(b) water, 
causing the thin metal wire conductor to explode 
forming hot spots of moIten metal throughout the 
aluminum fuel powder/water mixture which initi- 
ate chemical reaction between the aluminum pow- 
der and water, lithium and water or magnesium . 
and water which generate hydrogen gas at high - 
pressure in a chamber; 

(2) continuing to apply electrical energy to the reac- 
tion mixture to promote the reactions; 

(3) allowing the hydrogen gas pressure build to a 
preselected level; and then 

(4) using the hydrogen gas to push the projectile from 
the device. 

BRIEF DESCRIPTION OF THE DRAWINGS 
A more complete application of this invention, and 

many of the attendant advantages thereof, wili become 
readily apparent as the same becomes better understood 
by reference to the following deWed description when 
considered in conjunction with the accompanying 
drawings, wherein: 
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FIGa 1 is a schematic drawing of the test apparatus 

used to demonstrate the invention; and 
FIG. 2 presents graphs representing the hydrogen gas 

pressures versus time for an aluminum powder/water 
system as measured at two pressure gages (transducers) 
in the barrel of the test apparatus. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

This invention rapidly generates hydrogen gas in 
purer form with higher energy efficiency than prior 
systems. ft does this by applying pulp power tech- 
niques to a system of a trigger (conductor) wire or wires 
and an aluminum fuel powder/oxidizer mixture and 
then using the hydrogen gas to launch projectiles. The 
aluminum fuels used in this invention are aluminum 
powder, aIuminum4ithium alloy powders, or alumi- 
num-magnesium alloy powders. The most preferred 
oxidizer is water. The electrical energy in the pulsed 
form first explodes the trigger wire which initiates the 
chemical reaction between aluminum powder and 
water oxidizer. The remaining electrical energy is dis- 
charged through the reacting medium to sustain the: 
reaction. The trigger wire can be any conducting metal 
wire. The aluminum fuel powder in the system under- 

* goes a complete combustion reaction with the oxidizer 
(water) and high temperature, high pressure hydrogen 
gas is produced. When such a metallic system is subject 
to a high power etsctricai pulse, the compkte combus- 
tian reaction of the aluminum fuel powder with water is 
ensured. Additionally, the energy content of the sys- 
tems is greatly reinforced by the electrical energy. Such 
enhancement in energy can raise the temperature and 
pressure of the hydrogen gas to much high value than a 
chemical reaction alone can provide. Electrically acti- 
vated combustion of metallic materials also displays 
some advantageous features such as increase in the reac- 
tion rate -and controllability of the rate. 

The aiuminum fuel components are finely powdered 
aluminum metal, finely powdered aluminum-lithium 
alloys, and finely powdered aluminum-magnesium al- 
loys. The aluminum, aluminum-lithium alloy, and 
aluminum-magnesium alloy powders have particks 
which are preferably 100 micron or less, more prefera- 
bly 50 microns or less, and still mure preferably 20 
microns or less in sire. Small partide size results in a 
greater surface area at which the reaction between fuel 
and oxidizer occurs. 

As stated before, the metal fuel materials which are 
used include aluminum metal powder, aluminum- 
lithium alloy powders, and aluminum-magnesium alloy 
po\+lders. The aluminum-lithium alloys contain from 
more than zero to 3.0, preferably from 2.0 to 3.0, more 
preferably from 2,O to 2.8, and stiil mure preferably 
from 2.5 to 2.8 weight percent of lithium, with the te- 
main&x of the alloy cunsisting essentially of aluminum. 
As the amount of lithium added to the aluminum is 
increased, the amount of electrical energy required to 
cause the complete reaction beween the metal fuel and 
water is decreased. A minimum of 2.0 percent lithium is 
used to substantially improve the performance of the 
Al-b alloy over aluminum. At least 2.5 percent of lith- 
ium is used to produce the best results. The upper limit 
of lithium is preferably 2.8 weight percent above which 
Al-Li interrnefaIliC compounds precipitate and the 
strength of the lithium-aluminum alloys decrease ac- 
cordinaiv. If more than 3.0 weiizht t>ercent of lithium is 
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4 
used, the alloys become too brittle for use in this inven- 
tion. 

Similarly, magnesium may be added to the aluminum 
to form alloys which require less electrical energy to 
totally react with water than aluminum alone. Ahmi- 
num-magnesium alloys containing from more than zero 
to 5.0 aud more preferably from 3.0 to 4.5 weight. 
weight percent of magesium is used. If more than JAI 
weight percent of magnesium is used, the aluminum- 
magnesium alloy wiIf be too brittle to be &ed in this 
invention. 

The most preferred oxidizer is water. Water is non- 
toxic, noncaustic, nonexplosive, and thermally stable. 
Moreover, water is stoichimetrically eflicient, The oxy- 
gen is used up in the oxidation of the aluminum fue1 
pawden and the hydrogen forms low molecular weight 
propellant gas+ The stoichiometric am&t of water 
which will react with the aluminum, aluminum-Iithium 
alloy, or aluminum-magnesium alloy powders is calcu- 
lated according to the following equations: 

. 

2 Al+6 Hz0 -2 AI t 3 H2 11) 

Mg + 2 ti20 --Mg(OHl2 + H2 (2) 

m 2 Li+2 Ii20 -2 LiOH+H2 (3) 

Less than KKI percent of the equivalent amount of water 
will produce a warking process. However, it is more 
preferred that at least 100 percent of the equivalent 
amount of water is used. Preferably from 50 to ioo0, 
more preferably from IO0 to 500, and still more prefera- 
bty from 150 to 300 percent of the equivalent amount of 
water is used. As a practical matter, more than 100 
percent of the equivalent amount of water is needed to 
insure that the aluminum fuel particles are in contact 
with oxidizer during the very fast reaction. However, a 
large excess of water is undesirable when it adds weight 
to the device without improving the performance. 

Fur greater energy efficiency it is critical that the 
aluminum fuel powder is uniformly distributed through- 
out the water. This can be conveniently done by adding 
an absorbent ceramic material such as bundles of fine 
ceramic fibers or ceramic sponges which prevent the 
separation of the aluminum fuel powder and water, The 
ceramic materislls arc light weight, electrically noncon- 
ductive, and inert- In other words, they add little 
weight, do not change the resistance properties, and do 
not interfere with the chemical reactions of the alumi- 
num fuel powder/water mixture. Tfie ceramic materials 
also have very high melting points and boiling points. 
Therefare the ceramic materials will not melt or vapor- 
ize during the high temperature reactions. Of the ce- 
ramic materials, alumina (mp 2015’ C.; bp 2980’ C.) is 
most preferred. An example of these ceramic materials 
are the fine alumina fiber bundles which are available in 
sheets or mats under the tradename SAFFIL (alumina 
fibre mat), manufactured by Imperial Chemicaf Indus- 
tries, Ltd., Mond Division, Runcorn, Cheshire, 
WA74QS, United Kingdom. The fine ceramic fibers or 
ceramic sponges are thoroughly and uniformly mixed 
into a slurry of the aluminum fuel powder and water 
componenis, The fine ceramic fiber bundles or ceramic 
sponges absorb the water and aluminum fuel powder 
particles by capillary action. The fine ceramic fiber 
bundles (or ceramic sponges) create small spaces in 
which the aluminum fuel powder and water are held. 

- 
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This prevents the aluminum fuel powder from settling 
. Out of the water. 

Using the absorbent ceramic material (e.g., fine fiber 
bundles or sponges) to take up and hold the water and 
metal fuel powder mixture is like using Kleenex facial 
tissue to remove water from a bowl. The tissue absorbs 
and becomes saturated with the water. When the tissue 
is removed it takes the water with it. If not enough 
tissue is used, water remains in the bowl. in the present 
case, the ideal situation is when all of the aluminum fueJ 
powder/water slurry is absorbed and all of the absor- 
bent ceramic material is saturated. The process, how- 
ever, will still be operative when more or less than the 
idea amount of absorbent ceramic material is used. The 
fine ceramic fibers or ceramic sponges are added in an 
amount of preferably from about 0.5 to about 3.0, more 
preferably from 03 to 23, still more preferably from 0.8 
to 1.5 weight percent ba.& on the weight of the dry 
aluminum fuel @owder. Fiqq fibers are the more pre- 
ferred form of the ceramic materials. The fibers will 
preferably have a diameter of less than 20 microns. The 
length of the fibers is not critical although longer fibers 
(e.g., 0.25 in h t c es o several inches) are preferred. Other 
forms of the ceramic materials should be of comparable 
dimensions, 

The reactions of aluminum, lithium, and magnesium 
with water are initiated and sustained by an electrical 
discharge through the aluminum fuel (aluminum, alumi- 
numlithium alloy, ur aluminum-magnesium alloy pow- 
ders)/water mixture. This is preferably done by placing 
the aluminum fuel powder/water mixture in a sealed 
reaction chamber between two electrodes and passing 
the current between the electrodes through the mirrture. 
This is facilitated by connecting the electrodes with a 
conductor wire which passes through the aluminum 
fuel powder/water mixture, The conductor wire can be 
made of any electrically conductive material. Prefera- 
bly a metal such as, gold, silver, iron, nickel, tungsten, 
steel, magnesium, brass, copper, aluminum or alumi- 
num-lithium alloys may be used+ Conductor wires made 
of an alloy containing from more than zero to 3 weight 
percent of lithium with the remainder of the alloy being 
aluminum are more preferred. The weight of the con- 
ducting wire is preferably less than 5 percent of the 
weight of the aluminum fuel powder. Preferably a num- 
ber of‘fme conductor wires are used instead of a single 
large conductor wire. This permits a more uniform 
placement of conductor wire material throughout the 
mixture af aluminum fuel powder/water. The total 
weight of these fine conductor wires is preferably less 
than 5 percent of the weight of the aluminum fuel pow- 
der. 

The electrical discharge explodes the conductor 
*wire(s) which in turn provides hot spots of molten mate- 
rial through out the premixed aluminum fuel powder/- 
water mixture. Note that the use of a number of fine 
conductor wires provides a mure uniform distribution 
of these hot spots throughout the aluminum fuel pow- 
der/water mixture. The chemical reaction between the 
aluminum fuel powders (aluminum powder, aluminum- 
lithium alloy powders, or aluminum-magnesium alloy 
powders) and water is first triggered at the hot spots 
and propagates to the surrounding materials because the 
reaction is highly exothermic. Therefore most of the 
aluminum fuel powder is activated by chemical means 
rather than electrical means. Nonetheless, the provision 
of the hot spots by the exploding conductor does not 
necessarily sustain the aluminum fuel powder/water 
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6 
. reaction. The sustaining requires a proionged discharge 

of the electrical energy through the medium even after L 
the reaction is triggered. The shape of the electrical 
pulse applied to the medium is not a critical factor for . 
the completion of the reaction as long as it delivers 
sufficient electrical energy without forming an arcing 
channel cross the medium. 

The electrical discharge parameters are as follows. 
The total energy of the electrical discharge will prefera- 
bly be from 0.5 to 15.0 more preferably from 1.0 to 5.0 
and still more preferably from 1.8 to 2.2, and most pref- 
erably about 2 kilojoules (kJ) per gram (g) of aluminum 
fuei. Too little electrical energy may result in an incom- 
plete reaction whereas a large excess of energy requires 
heavier equipment without substantially i&pro,ving the 
performance. The length of the electrical discharge is 
preferably from 10 to 1oo0, more’ preferably from 20 to 
600, and still more preferably from 40 to 400 microsec- 
onds. Too slow a discharge (long discharge time) will 
result in slower operation of the device and lower pres- 
sures and propellant gas velocities. Too fast an electri- 
cal discharge (short discharge time) uriU result in an 
incomplete chemical reaction between the aluminum 
fuel powder and water, The apparatus is designed so 
that preferably from 10 to 30, mdre preferably from 15 
to 25, still more preferably from 18 to 22, and most 
preferably about 20 percent of the electricai energy is 
used to effplode the conductor wire(s). The remainder ’ 
the electrical ‘energy is discharged into the reaction 
mixture to sustain the chemical reaction between the 
aluminum fuei powder and water after the conductor 
wire(s) has exploded. Finally, care must bs: taken to 
avoid arcing between the electrodes. Arcing is pre- 
vented by keeping the voltage drop across the reaction 
medium under 2 kilvolts per centimeter of distance 
between the electrodes. For higher voltage drops the 
electrodes must be farther apart. 1 

The chemical interaction between the atuminum fuel 
(aluminum powder, aluminum-lithium alloy powders, 
or aluminum-magnesium alloy powders) and the water 
it is mixed with depends on the electrical energy dis- 
charge through the aluminum fuel powder/water mix- 
ture+ After the conductor has exploded to initiate the 
reaction, the voltage drop between the electrodes rap- 
idly rises. An inductive energy store provides an ideal 
power source for such discharge since its discharge is 
not limited ‘by the voltage rise across the aluminum 
fuel/water mixture after the conductor has exploded. 
Far example, a capacitor bank discharge may not dis- 
charge all of its stored charge through the metal fuel/- 
water mixture because the voltage rise across the mix- 
ture without the conductor wire(s) could exceed the 
bank voltage thtrt+v terminating the discharge. In ad- - 
dition to the t ‘* aspect, the power source should 
also allow a vr -. Q . current to pass through the con- 
ductor wire(s) I ’ 1 I: moment of its explosion to deliver 
a high eiectrical L*llergy to the metal conductor wire@) 
in a very short time. 

Discharge of an inductive energy store can fulfill the 
two conditions mentioned above. The essence of this 
type of discharge is to transform an electrical energy 
stored in a battery, electrical rotating (homopofar) gen- 
erator, capacitor bank, ur other primary electrical 
power source to an energy stored in an inductor and to 
utilize the inductive energy at the moment of the explo- 
sion, For experimental simplicity, a capacitor bank is 
often used. When a capacitor bank whose energy is f 
CV2 js discharged through a RCL circuit, the primary 
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bank energy is transformed into an inductive energy 
described by 4 L1,? at the time of the peak current, At 
the peak current time the capacitor bank voltage be- 
comes zltfo and the current (neglecting energy losses) is 
given by Ip- -Vt kk/L. Once she electrical energy is 
transformed to an inductive energy, the discharge of the 
inductive energy is not subject tu the rise of voltage 
between the electrodes across !he*aluminum fuel pow- 
der/water mixture. 

f---Y t 

FIG. t is a schematic drawing representing typical 
equipment used to demonstrate the present invention. 
The electric circuit which provides the high energy 
electrical pulse comprises a capecitot bank 20, a induc- 
tion coil 2& a metal conductor (wire) 22, and a fast 
switch 24, all of which are connected in series by elcc- 
tric cables 50,52,56, and 58. The metal conductor 22 is 
placed in the aluminum fuel powder (aluminum pow- 
der, aluminum-lithium alloy powder, or aluminum-mag- 
nesium powder)/water mixture 30 and both are en- 
closed in rtre interior 42 of a cylindrical reaction car* 
tridge 32. The cylirrdrical reaction cartridge 32 is made 
of an electrical insulator such as polyethylene* The 
reaction cartridge 32 is enclosed in a stainless steel 
chamber 34. A barrel 44 is connected to the top of the 
steel chamber 34 and compietcs the eochure of the 

e reacrion cartridge 32, A brass electrode 36 is threaded 
into the bottom and a second brass electrode 38 is 
tbreaded into the top of the reaction cartridge 32. In the 
center of the top brass electrode 38 is a breakable mem- 
brane 40 which separates the interior 42 of the reaction 
cartridge 32 from the barrel 44, After the reaction has 
been initiated and a preselected pressure of hydrogen 
gas has been reached in the reaction cartridge 32 the 
membrane 40 breaks and the hydrogen gas escapes from 
the interior 42 of the reaction cartridge 32 into the bar- 
rel 44 where it is used to drive a projectile from the 
barrel 5\4. For laboratory testing (examples 1 and 2) 
pressure gages (transducers) 46 and 48 were mounted in 
the barrel 44 in place of a projectile. FIG. 2 presents 
pressyr readings from these gages (transducers) in 
exampie 1. 

The series electrical circuit as shown in FIG. 1 can be 
summarized as follows. The capacitor bank 20 is con- 
nected by electric cable 50 to the inductor 28 which is 
connect4 by an electrical cable 52 to a high current 
connection 54 on the brass electrode 36 at the bottom of 
the reaction cartridge 32. The brass electrode 36 is 
connected to the other brass electrode 38 at the top of 
the cartridge 32 by means of the metal conductor 22 
which passes through the center of the metal fuel/water 
mixture 30. The brass electrode 38 at the top of the 
cartridge 32 is in electrical contact with the stainless 
steel chamber housing 3$ which provides an electrical 
return path to electrical cabie 56 which is connected to 
one terminal of fast switch 24. me other terminal of the 
fast switch 24 is connected by electric cable 58 to the 
capacitor bank 20 thus completing the series circuit. 

To more clearly illustrate this invention, the follow- 
ing example is presented. It should be understood, how- 
ever, that this example is presented merely as a means of 
illustration an-d is not intended to limit the scope of this 
invention in anyway. 

Example 1 
Aluminum fuel/water 

The oxidation reaction of aluminum powder (4s mi- 
cron diameter) with water was triggered by allowing an 
dxmcal current pulse to pass through an ;1Luminum 
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a 
wire embedded in the mixture of the aluminum powder 
and water. The wire was 6 cm long, 0.84 mm in diame- 
ter, and weighed 0.09 gm. The weight of the aluminum 
powder and water were 1.6 gm and 1.8 .p, rep- - 
tively. The wire 22 and the mixture 30 were placed in a 
circuit arrangement as shown in FIG. 1. The capacitor 
bank 20 had a totsl capacitance of 6~ IW farads and 
was charged up ta 4 kV. Approximately 30% of the - 
stored energy was transformed into inductive energy 
that was used to explode the wit&The remaining stored 
energy was dissipated in capacitive discharge mode. 

The cartridge 32 was made by drilling a Q16 cm diam- 
eter We into a polyethylene cylinder of 2.5 cm diame- 
ter and 7.5 cm lang. The threaded ends of the cartridge * 
were plugged by brass ekctrodes 36 and 38. The elec- 
trade 3% located near the barrel .44 has around the cent 

’ ter a thin spot of 0.1 mm thick and 0.4 ‘mm diameter, 
which functions as a breakable membrane 40 as the 
pressure inside the cartridge rises. 

The cartridge was installed in the steel chamber 34 
with the bottom brass efectrode 36 in electrical contact 
to the high current feed through 54 and the other elec- 
trode 38 with the breakable membrane 40 connected to 
inside of the chamber 34 at the point where the barrel 44 
is installed. When the predetermined hydrogen pressure 
is ubtained from the reaction the thin breakable mem- 
brane 40 in the upper brass electrode 38 breaks provid- 
ing a path for the-hydrogen produced by the reaction to 
pass from the interior 42 of the reaction cartridge 32 to 
the barrel 44, Pressure gauges (transducers) 46 and 48 
monitored the hydrogen gas pressure along the barrei 
44. The hydrogen gas pressure monitored by them is 
shown in FIG. 2. The hydrogen gas pushing the air . 
column in the barrel attained a velocity of approxi- 
mately 1 km/set. l 

Obviously, numerous modifications and variations of 
the present invention are possible in light of the above 
teachings. It is therefore to be uriderstood that within 
the scope of the appended claims the invention maybe 
practiced otherwise than as specifically described 
herein. 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1. A method of propelling a projectile from a device 
comprising: 

(1) applying a high power pulse of electrical current 
to a metal conductor causing the metal conductor 
to explode and thus disperse the metai into B mix- 
ture of water and an atumitrum fuel powder SC- 
kcted from the group consisting of 
(a) aluminum powder, 
(b) an aluminum-lithium alloy powder comprising * 

from more than zero to 3.0 weight percent lith- 
ium with the remainder of the alloy being &en- 
tially aluminum, and 

(c) an aluminum~magnesium alloy powder com- 
‘prising from more than zero to 5.0 weight per- 
cent of magnesium with the remainder of the 
alloy being essentially aluminum, 

wherein the pieces of dispersed metal from the ex- 
ploded conductor provide hot spots which initiate 
a chemical reaction between the aluminum fuel and 
water to generate hydrogen at high pressure in a 
chamber; 

(2) continuing to +pply the high powered pulse of 
electrical current to drive the reaction between the 



aluminum fuel and water after the met& conductor 
has exploded and initiated the reaction; 

(3) ahwing the hydrogen gas pressure in the charm 
her to build to a preselected level; and then 

(4) using the hydrogen gas to push a projectile from , 
the device. 

2. The method of claim 1 wherein the aluminum fuel 
powder is aluminum powder. 

3. The method of claim 1 wherein from about 10 to 
&cut 30 percent of the total electrical energy is used up 
in step (1) to explode the metal conductor and the te- 
maindee of the electrical energy is used up in step (2) to 
drive the chemical reactian between the aluminum fuel 
powder and water. 

4. The method bf claim 1 wherein the aluminum fuel 
powder is an aluminum-magnesium alloy powder. 
- S. The method of claim 4 wherein the aluminum-mag 

nesium alloy powder comprises from 3.0 to 4.5 weight 
percent magnesium. 

6. The method uf claim 1 wherein the aluminum fuef ceramic material is in the form of bundles of fine afu- 
powder is an aluminum-lithium alloy powder. minor fibers. 

7. The method of cMm 6 wherein the aluminum- 20. The method of claim 1 wherein the totaLenergy of 
lithium alloy powder comprises from 2,O to 2.8 weight the electrical current applied is from i ,O to 5-O kilojoules 
percent of lithium. 25 pet gram of aluminum fuel powder. 

8. The method of ciaim 7 wherein the aluminum- .* 23. The method of claim 20 wherein the total energy 
lithium alloy powder comprises from 2.5 to 2.8 weight of the electrical current applied is from 1,8 to 2.2 kilo- 
percent of lithium. 1 joules per gram of aluminum fuel powder. 

9. The method of claim 1 wherein from SO to loo0 22. The method of claim’3 wherein from about I5 to 

percent of the equivalent amount of water required to 30 about 25 percent of the total efectricai energy is used up 

oxidize all the aluminum, lithium, and magnesium is 
in step (I) to explode the metal conductor and the re- 

used in the reaction mixture. 
mainder of the electrical energy is used up in step (2) tcJ 

10. ‘fhe method of claim 9 wherein from KU to SO0 
drive the chemical reaction between the aluminum fuel 

percent of the equivalent amount Of water required to 35 
powder and water. 

23. The method of claim 22 wherein from 18 to 22 
oxidize ail the aluminum, lithium, and magnesium is percent of the-total electrical energy is used up in step 
used in the reaction mixture.. 

1X. The method of claim 10 wherein from I50 to 300 
(I) to explode the metal conductor and the remainder of 
the e!ectrkat energy is used up in step (2) to drive the 

percent &f the equivalent amount of water required to chemicai reaction between the aluminum fuel powder 
oxidize all the aluminum, lithium, and magn&um is 140 and water. 
used in the reaction mixture, 
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12. The method of claim 1 wherein the pulse of eke- 
trical current applied during steps (l).and (2) is from 10 . 
to loo0 microseconds long. 

13. The method of claim I2 wherein the pulse of I 
electrical current is from 20 to 600 microseconds long. 

14. The method of claim 13 wherein the pulse of 
electrical current is from 40 to 400 microseconds long. 

15. The method of claim 1 wherein the aluminum fuel 
powder is uniformly distributed throughout the water 
in the aluminum fuel powder/water mixture by means 
of an absorbent ceramic material that is eledtrically 
nonconductive and chemicnHy inert. 

16. The method of claim 15 wherein the absorbent 
ceramic material is made of alumina. 

17, The method of claim 15 wherein the absorbent 
ceramic material is in the form of sponges. 

18. The method of claim 15 wherein *the absorbent 
ceramic material is in the form of bundles of fine ce- 
ramic fibers. 
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